Abstract. We present a detailed description of our numerical code BLAZAR. This code calculates spectra and light curves of blazars during outbursts. We use shock-in-jet model and include synchrotron emission and inverseCompton process as a source of radiation. Both synchrotron photons and external photons are included as seed photons for Comptonization. We take into account light travel effects, conical geometry of the jet and the relative position of the jet axis and the direction to the observer. An example is provided of applying our code to simulate formation of the cooling break in the energy distribution of electrons and in the radiation spectrum. Also, results of computation of a time averaged spectrum and of flares at three different spectral bands are presented, as obtained for typical quasar parameters.
Introduction
One of the greatest achievements of the recently retired Compton Gamma-Ray Observatory (CGRO) is the discovery of gamma ray emission from a subclass of Active Galactic Nuclei (AGNs) nowadays known as blazars. More than 50 such sources were detected at energies higher than 100MeV (Mukherjee et al. 1997) . Energy constraints and γ-ray absorption arguments require that radiation emission in blazars must be beamed (Mattox et al. 1993) . Indeed, it is now widely believed that the entire electromagnetic spectrum of these objects is dominated by non-thermal radiation produced in the jet pointing close to the line of sight (Dondi & Ghisellini 1995) . Although roughly divided into two classes, flat spectrum radio quasars (FSRQ) and BL Lacs objects, all blazars share common characteristic: large-amplitude, rapid variability; smooth continuum emission in all observable bands; and high linear polarization.
Spectrum of blazars consists of two broad components (von Montigny 1995) . The low energy component has a peak within IR-to-X-ray range and is usually attributed to Doppler-boosted synchrotron radiation emitted by relativistic electrons in a jet. The high energy component, peaking in the MeV-TeV energy range, is presumably produced by the inverse Compton process (see Sikora 1997 for a review). They are both highly variable with timescales ranging from years to a fraction of a day. Analysis of γ-ray lightcurves seems to suggest that variability patterns of blazars are superpositions of multiple flares (Magdziarz et al. 1997 ). This hypothesis is strongly supported by observations of the most extreme events (Gaidos et al. 1996; Mattox et al. 1997) . Moreover, flares recorded in different energy bands appear to be correlated (Macomb et al. 1995; Wagner et al. 1995; Wehrle et al. 1998 ). This behavior suggests co-spatial production of high energy and low energy components. Although other theories exist (Komissarov & Falle 1997; Dar & Laor 1997) , the flares are most probably produced by shocks propagating with relativistic velocities down the jet. Such shocks may result from collisions of internal inhomogeneities (Rees 1978; Sikora et al. 1994 ).
There is still some debate about the source of seed photons for inverse Compton process responsible for the high energy component of the spectrum. The most obvious choice are synchrotron photons from the low energy component. Models based on this assumption are called SelfSynchrotron-Compton (SSC) models. Originally proposed by Königl (1981) to explain production of X-rays and γ-rays (the latter recorded at those times from 3C 273 by COS-B [Swanenburg et al. 1978] ), the SSC models prove today to be successful in explaining general features of BL Lac objects (Ghisellini & Maraschi 1989; Takahashi et al. 1996; Kirk, Rieger, & Mastichiadis 1998; Tavecchio, Maraschi,& Ghisellini 1998) . However in many objects the external radiation fields may be dense enough to significantly contribute to the cooling processes of electrons. Models exploring this hypothesis are called ExternalRadiation-Compton (ERC) models. Several sources of photons for external radiation field were proposed: direct disc radiation (Dermer & Schlickeiser 1993) ; diffuse radiation from broad emission line (BEL) region (Sikora, Begelman, & Rees 1994) ; infra-red radiation from hot dust (B lażejowski et al. 2000) ; or jet synchrotron radiation scattered back to the jet by the external gas (Ghisellini & Madeau 1996) . In FSRQs the ERC mechanism may dominate the entire production of the γ-rays and it can also be important in some BL Lac objects (Madejski et al. 1999) .
In this paper we present the model developed to study radiation flares in blazars and their time averaged spectra. The model includes both SSC and ERC mechanisms simultaneously. We also take into account adiabatic losses due to conical structure of the jet and light curves and the light travel effects due to finite transverse size of the source. Section §2 contains description of the model and assumptions made. In §3 we describe our numerical method. Section §4 presents the method to calculate the input model parameters using available observables. Examples of numerical calculations are provided in §5; and conclusions and prospect for further studies are summarized in §6.
The Model
We use the shock-in-jet scenario, in which individual flares are produced by shocks formed due to collision of inhomogeneities moving down the jet with different velocities. We approximate the emitting region with a thin shell. This assumption is well justified providing the collision distance range, ∆r coll , is not larger than the distance r 0 where the collision starts . The shell propagates along the conical jet with constant bulk Lorentz factor Γ.
Electron Evolution
The evolution of the electron energy distribution is given by a continuity equation :
where Q is the electron injection function, dγ/dt ′ is the rate of the electron energy losses, and prime denotes derivatives in the plasma comoving frame. With a thin shell approximation, the time derivatives can be replaced with derivatives over the radial distance r. Using a relation dr = β Γ cΓdt ′ , where β Γ = √ Γ 2 − 1/Γ, we obtain
where
The second term on the right-hand side of Eq. (3) represents the adiabatic losses due to two-dimensional (conical) expansion of the shell. The electron injection function is assumed to be a powerlaw,
We assume constant electron injection rate per unit solid angle and normalization K(r) comes from
where L ′ e (r), γ m , and γ max , are specified by a given model. Note that γ m is the minimum energy of electrons which are injected at a given distance. The minimum electron energy of the whole electron population is equal to
where γ c is the energy at which the time scale of the radiative energy losses, t rad = Γt ′ rad = Γγ/(dγ/dt ′ ) rad , is equal to the dynamical time scale, t sh ≃ ∆r coll /c (see §4.1). There are still some electrons below γ min , driven there by adiabatic losses, but because assumption that ∆r coll ≤ r 0 their number is low and radiative contribution negligible. There are three processes contributing to the radiative energy losses of the electron: synchrotron radiation,
Comptonization of synchrotron radiation,
and Comptonization of external radiation,
where u ′ B = B ′2 /8π is the magnetic energy density, u ′ S is the energy density of the synchrotron radiation field, and u ′ ext is the energy density of the external radiation field. The non-thermal flares are produced on distances where external radiation field is dominated by broad emission lines radiation and infrared radiation from the molecular torus. In such a case
where u BEL ≃ (∂L BEL /∂ ln r)/4πr 2 c is the energy density of the BEL external radiation field, and u IR ≃ ξ IR 4σ SB T 4 /c is the energy density of the infrared radiation field, ξ IR being the fraction of the central radiation reprocessed into near infrared by hot dust, and T is an effective temperature of dust. Energy density of the synchrotron radiation is given by:
where a is the cross section of the jet, and L ′ S,ν ′ is the synchrotron luminosity given by Eq. (12). Integration goes over entire frequency range (0, +∞). Practically, for approximate calculations, one can assume that the lower limit, ν ′ S,min is given by the frequency ν ′ abs at which the optical thickness due to synchrotron self-absorption is equal to unity. The upper limit is ν ′ S,max = (2e/3πm e c)γ 
Intrinsic Luminosities

Synchrotron Radiation
The rate of synchrotron radiation production [erg s −1
Hz
−1 ] for a given electron distribution is (Chiaberge & Ghisellini 1999) :
] is the single electron synchrotron emissivity averaged over an isotropic distribution of pitch angles (Crusius & Schlickeiser 1986) .
The power F S (ν ′ , γ) should be taken with the low energy cutoff at ν ′ abs . Below ν ′ abs synchrotron luminosity has selfabsorption tail
Useful approximation to the formula (12) can be obtained by assuming that an electron with a Lorentz factor γ produces monochromatic radiation with frequency
Than
The major difference between luminosities calculated from Eq. (12) and Eq. (16), with neglected self-absorption, is that in the former case the luminosity has a broad low frequency tail. In our application this tail is completely hidden within self-absorption regime. Thus Eq. (16) provides good approximation to the synchrotron luminosity. However, to maintain completeness and to avoid sharp cut-offs in the spectra we use Eq. (12) to calculate synchrotron luminosity.
Synchrotron-Self-Compton
Using δ-function approximation, one can find (Chaing & Dermer 1999 )
and
where n
is the number density of the synchrotron photons per frequency. Noting that n
(see Eq. 11), we finally obtain
This is an analogues of the Eq. (27) of Chiang & Dermer 1999.
External-Radiation-Compton
In the comoving frame, the external diffused radiation field is strongly anisotropic. Due to relativistic aberration, the external radiation is seen mostly as coming from the front. The photons, scattered by relativistic electrons follow their directions and, therefore, are produced into the observer direction only by those electrons which at the scattering moment are pointing at the observer. In such an approximation, energy of the photon scattered into the observer direction, is given by (Reynolds 1982) :
where ν ′ ext ≃ Γν ext , hν ext is the characteristic energy of photons of the external radiation field assumed to have the narrow spectrum, and θ ′ is the angle between the bulk motion direction of the given shell segment and direction to the observer, as measured in the bulk motion comoving frame. The observed frequency is then given by
The rate of energy losses of an electron with a temporal velocity oriented into direction of the observer is:
One can find using aberration formula that for θ ≪ π/2, θ ′ ≪ π − 1/Γ, and then (Dermer 1995) 
Using Eq. (25) in Eqs. (23) and (24), we obtain
The ERC luminosity produced into direction θ ′ is
and noting that dγ/dν ′ = 1/2γDν ext , we find
The Observed Spectra and the Light Curves
The apparent monochromatic luminosities as a function of time (the light curves) can be computed using the formula
where r(θ, t) is given by
and for Γ = const ≫ 1,
Note that in general, the jet axis is located at ψ obs = 0, and that integral is over the surfaces r(θ, t) enclosed within the Ω j ≃ πψ 2 j , where ψ j is the opening angle of the cone. Let us recall that synchrotron and SSC radiation fields are in the jet comoving frame isotropic, and therefore, their intrinsic luminosities do not depend on θ ′ .
Numerical Implementation
Our numerical method is similar to that used by Chiaberge & Ghisellini 1999. Electron evolution equation (2) is solved with implicit difference scheme adopted from Chang & Cooper 1970 . First, the uniformly spaced logarithmic energy grid is established:
with the energy intervals
we can convert an equation (2) into a set of linear equations:
where the coefficients are
and the source term
The system of equations (34) yields a special case of tridiagonal matrix with the upper diagonal equal to zero. It is solved numerically by matrix decomposition, forwardand backsubstitution. In practice we use tridag subroutine from Numerical Recipes (Press et al. 1992 ).
There exists an alternative way of solving equations (34). If one assures that the energy grid is wide enough to have N (γ N , i∆r) = 0 during the whole evolution, than the equation (34) can be solved recursively from the highest to the lowest energies using the relation
For universality, however, we use the full tridag method. It allows to consider electron distributions with high energy tails without loosing the computer resources for unimportant grid points.
To calculate the electron distribution it is necessary to estimate the electron cooling function (3). This require to know the energy density of the synchrotron radiation field which depends on the electron distribution itself. In our code this calculation is done by iteration method. Initially u ′ S = 0 is assumed and the electron distribution is calculated using this value. Than this distribution is used to calculate synchrotron radiation density together with the frequency of synchrotron self absorption. The new value of u ′ S is used to recalculate the electron distribution. This process is repeated until convergence. The electron distribution is than used to calculate the synchrotron luminosity (12), SSC luminosity (17), and ERC luminosity (28). For all integrations we use the Romberg's method (Press et al. 1992) . The advantage of this method is that it adjusts itself so only minimal number of calculations is performed to achieve desired accuracy. Special care must be taken when calculating light curves from equation (30). The radiation reaching the observer at a given time is a superposition of radiation emitted at different radii. The jet is thus divided into "rays", each ∆θ thick, and integration over θ is done by simple summation taking into account "retarded" time effects described by equation (32). A schematic picture illustrating the different angles involved in the integration procedure is presented in Fig. 1 . If the observer is not located on the jet axis integration over φ for a given angle θ gives ∆φ = 2 arccos cos(ψ j ) − cos(θ) cos(ψ obs ) sin(θ) sin(ψ obs )
and 2π otherwise, where ψ obs is the angle between the jet axis and the direction to the observer. It is worth remaining that due to its anisotropy ERC luminosity (28) is different on every ray not only because light travel effects. 
Input parameters
The input parameters of the model are: -a distance of the shock formation, r 0 ; -a distance range of the shock operation, ∆r coll ; -a bulk Lorentz factor of the shocked plasma shell, Γ; -an energy density of the external diffused radiation field, u dif f ; -magnetic field in the shocked plasma, B ′ ; -parameters of the electron injection function, K, p, γ m , and γ max ; -an angle between the direction to the observer and the jet axis, ψ obs ; -a half-opening angle of the jet, ψ j .
Initial values of these parameters can be set up by using approximate analytical formulas which relate them to the observables. Depending on available observables, a different set of equations must be used. We will start with the idealized case, where both observed components -the high energy one and the low energy one -are assumed to be totally dominated by radiation produced by the same event. Then we will present the more realistic approach, in which we will take into account dilution of the low energy component by the "background" radiation produced at larger distances in a jet. In both cases we will deal only with such outbursts, during which the total luminosity is dominated by the γ-ray emission.
Idealistic case
We use the following observables to determine the model parameters: the redshift of the object, z; the time scale of the flare, t f l ; and the time averaged spectral features. The latter are: location of the spectral breaks/peaks, at ν s in the low energy component and at ν c in the high energy component; radiation fluxes at the breaks, F c ≡ ν c F νc and F s ≡ ν s F νs ; total flux, F ≃ F γ ; and spectral slope in the EGRET band, α γ . We assume that production of γ-rays is dominated by the ERC process and that the spectral breaks at ν s and ν c result from the electron cooling effect. The SSC process is not followed here, but is selfconsistently included in the numerical simulations. For a sake of simplicity of analytical formulas, both the light travel effects (due to a finite size of the source) and the Doppler dispersion effects (due to the "conical" expansion of a shell) are ignored.
The distance range of the shock operation is related to the time scale of the flare via formula
For F c > F s the electron radiative losses are dominated by the ERC process, and, therefore (see Eq. 9)
From t ′ rad = t ′ sh , where
we find the location of the break in the electron energy distribution caused by the cooling effect,
At γ = γ c the power low energy distribution of electrons, N γ ∝ γ −s , changes the slope from s = p at γ < γ c (slow cooling regime) to s = p + 1 at γ > γ c (fast cooling regime). This change of the slope results from the fact, that in the fast cooling regime (t rad < t sh ) the number of electrons is saturated by the radiative losses, i.e.
(Note that γ c is changing during the shock progression and that its particular value given by Eq. (42) is for the moment when the collision is completed. That value will be demonstrated in the next section to correspond roughly with the time averaged one.)
The break in the electron energy distribution is imprinted in the high energy component at
and in the low energy component at
around which the electromagnetic spectrum changes the slope by ∆α ≃ 0.5 (this comes from the relation α = (s − 1)/2 where α ≡ − ln F ν / ln ν).
Observationally determined ν c provides information about energy density of external radiation field as measured in the shell comoving frame. Using Eqs (42) and (43), we obtain
Having from observations the ratio F c /F s and noting that (see, e.g., Sikora & Madejski 2002 )
we can estimate intensity of the magnetic field,
where u 
calculated for B ′ given by Eq. (47). In order to establish the angle of view, ψ obs , it is necessary to take advantage from the knowledge about the nature and distribution of the external radiation field which in the comoving frame of the source has energy density given by Eq. (45). If ∆r coll ∼ r 0 , as it is suggested by roughly symmetrical profiles of flares (see, e.g., , one can deduce from Eq. (39), that short term (1-10 days) flares are typically produced at distances 0.1 -1.0 pc. Energy density of external radiation at such distances is in the comoving frame of the source dominated by the broad emission lines and for the assumed spherical geometry of the BEL region we have
Hence, for a given distribution of u BEL (r) (see next subsection), one can use the above equation to calculate Γ, and then, from definition of the Doppler factor, the angle of view
In the simplest version of our model, electron injection function is assumed to be a single power-law, with γ m = 1 (see Eq. 4). The value of p can be determined from the slope of the spectrum in the EGRET band. Radiation in this band is produced by electrons with γ > γ c and, therefore,
Normalization of the injection function, K, can be found from
where L γ = 4πd 2 L F γ is the apparent ("isotropic") luminosity, and d L is the luminosity distance. Hence,
where γ c is given by Eq. (43) and γ max can be estimated from the location of the high energy break in the synchrotron component, i.e.,
To complete the set of input parameters we need yet to determine the value of the jet opening angle, ψ j . Jets are known to be very narrow (1-3 degrees) on kiloparsec scales, but are very likely wider on parsec/subparsec scales (see, e.g. Lobanov 1998 ). The value of ψ j can eventually be determined from the level of the radiation flux in the soft/mid X-ray bands, provided that the latter is dominated by the SSC process. Since we do not follow the SSC process in our analytical approach, and because other model parameters are not very sensitive to ψ j , the numerical simulations can be started with any 0 < ψ j < 1/Γ and then corrected in subsequent iterations.
Realistic case
In order to determine the input parameters using the approach presented in the previous subsection, one needs to have the outbursts monitored in all spectral bands. This is limited not only by difficulties in organizing multiwavelength campaigns but also by the fact that even during large outbursts, flares do not necessary dominate the radiation in all spectral bands, very likely being diluted in the optical and lower frequency bands by radiation produced at larger distances in a jet. The best example is the huge γ-ray flare recorded in February 1996 in 3C 279, which was not accompanied by any prominent optical flare (Wehrle et al. 1998 ) (despite the fact that by other occasions this object shows up as optically violent variable [OVV] quasar). Furthermore, the fact that the low energy spectral breaks produced by synchrotron self-absorption process are observed in FSRQ at frequencies typically 5 times smaller than predicted to be produced at subparsec distances suggests, that radiation at mm wavelengths and in the far-IR band is produced at larger distances than the short term flares. Hence, it is very likely that spectra of blazars and their complex variability patterns result from superposition of radiation produced at different distances in a jet (Spada et al. 2001) .
Below we elaborated the approximate method in which we avoided using the very uncertain and often unavailable observable ν s . The price we must pay for this is that we will not be able to determine the angle of view. However, noting that F c /F s ∝ D 2 (see Eq. 46), it is very likely that in all objects with F c /F s ≫ 1 the observer is located at ψ obs ≤ 1/Γ. Independent support for this comes from the fact that all γ-ray detected quasars belong to blazars, which are known to be the objects viewed at ψ obs ≤ 1/Γ (see, e.g., review by Sikora 1994). Hereafter we adopt ψ obs = 1/Γ, which is equivalent with taking D = Γ.
Fortunately, a change of the method of calculation of the input parameters concerns only two of them, Γ and r 0 , with addition of a small modification of the formula for B ′ . In the new approach the calculation of the bulk Lorentz factor Γ must be preceded by the calculation of a distance. The latter can be obtained by combining Eqs (39), (45), and (49) with formula for u BEL (r). For u BEL (r) we use approximation
is the distance where the radial distribution of the BEL luminosity, dL BEL /d ln r, has a maximum (Peterson 1993; Kaspi et al. 2000) , and L UV is the UV luminosity of the central source. The approximation formula (55) is derived assuming ∂L BEL /∂ ln r ∝ (r/r BEL ) q1 for r < r BEL and ∂L BEL /∂ ln r ∝ (r/r BEL ) −q2 for r > r BEL . In the case of a smooth transition from the BEL region to the narrow emission lines region, one can expect q 2 ∼ 0.5. The value of q 1 is very uncertain and, in order to minimize number of parameters, we adopt q 1 = q 2 = 0.5.
Inserting into Eq. (49) given by Eq. (55) and Γ 2 taken from Eq. (39), and noting that the value of γ c and therefore, ν c and u ′ ext are determined at a distance r f = r 0 + ∆r coll , we obtain
where k ≡ r 0 /∆r coll , n 1 = 2 and n 2 = −1 for r f < r BEL , and n 1 = 2/3 and n 2 = 1/3 for r f > r BEL . In the formulas above L BEL = 4πd 2 L F BEL , where F BEL is the total flux of all broad emission lines. In the case of only few detected lines, F BEL can be calculated using "line-bolometric" corrections (Celotti, Padovani, & Ghisellini 1997) . UV luminosity of the central engine, L UV , required to determine r BEL (Eq. 57), is sometimes directly observed in blazars, otherwise can be determined using the typical for quasars BEL covering factor ξ BEL ≡ L BEL /L UV ≃ 0.1.
Having r 0 , one can use Eq. (39) to calculate
And finally, a minor correction must be done in the formula for B ′ . If the low energy component is diluted, then B ′ , calculated from the formula (47) is overestimated. Hence, one needs to use in the Eq. (47) ∆F s , instead of F s , where ∆F s is the amount by which synchrotron flux increases during the high amplitude γ-ray flare. Furthermore, we assume that in the conically expanding shell B ′ ∝ 1/r. Since B ′ given by Eq. (47) is determined at r f , the final formula for the magnetic intensity is
We use the "realistic" approach to calculate in the next section the input parameters for the model of nonthermal flares in FSRQ.
Numerical simulations
With our code we are able to model, simulate and reproduce many interesting features concerning blazar phenomenon. In particular, we used it in §5.1 to demonstrate formation of the cooling break in the electron energy distribution and in the Compton component of the electromagnetic spectrum. And in §5.2, we present and shortly discuss the time averaged spectrum and the flares, computed for typical quasar parameters.
Cooling break
Electron evolution
In this section we present the time evolution of energy distribution of electrons. The electrons are injected at constant rate with power-law distribution with index p = 1.9 and with maximal energy γ max = 10 4 (see Eq. 4). The injection proceed from the distance r 0 = 6 × 10 17 cm till r = 2r 0 . We focus on the simple case of electron energy radiative losses when they are dominated entirely by the ERC process. The external radiation field is assumed to be constant, u ext = 2.5 × 10 −3 erg s −1 . Figure 2 shows the electron evolution plotted as γ 2 N γ vs. γ with the time step δt/t 0 = 0.25. The evolution is followed till the electrons reach the distance 4r 0 . At the very beginning the number of all electrons increases, then the number of the most relativistic electrons starts to saturate being balanced by the radiative energy losses. After injection of electrons stops, Fig. 2 . Evolution of the electron energy distribution. Radiative electron energy loss rates are distance independent and dominated by ERC mechanism. Evolution proceed from bottom to top and to the left with time step δt = 0.19t 0 . Evolution is followed from t = t 0 till t = 4t 0 . Arrows show the direction of the evolution. the high energy tail of the electron distribution decay very fast, while only small changes can be noticed at lowest energies.
The characteristic feature of this evolving electron spectrum is the spectral break, which moves from higher to lower values as evolution proceeds. At a distance r = 2r 0 , where injection stops and the γ 2 N γ reaches maximum, the approximate location of the break corresponds with the value γ c ≃ 30, calculated from Eq. (42). At energies lower than γ c (the slow cooling regime) the power-law energy distribution of electrons N γ ∼ γ −s has an index s = p, while for γ ≫ γ c (the fast cooling regime) the slope of electron distribution due to efficient radiative cooling is steeper by one, i.e., s = p + 1. Figure 3 shows the time evolution of the spectrum of ERC component produced by the evolving population of electrons presented in the previous subsection. The ERC spectrum is computed assuming ψ obs = ψ j = 1/Γ = 1/15. As one can see, the spectrum saturates very fast at largest frequencies, but keeps growing at lower frequencies up to the moment of the termination of the injection of electrons. Then the spectrum drops and the luminosity peak moves to lower frequencies. But, unlike the electron distribution, the observed ERC spectrum is not steepening very much during the decaying phase. This is result of the light travel effect, which causes that at later times the observer still Fig. 3 . Time evolution and average spectrum of the ERC component. Model parameters are the same as used in Fig. 2 . Evolution is followed from t = t 0 up to t = 4t 0 with the time step between presented curves δt = 0.27t 0 . Thick line represents the average spectrum.
Spectrum evolution
receives the high energy photons. They are coming from those parts of the shell, which are moving at larger angles to the line of sight.
The thick line in the Figure 3 represents the spectrum averaged over the whole observed time (i.e. from t 0 to 4t 0 ). For assumed frequency of external photons ν ext = 2.5 × 10 15 the break frequency ν c ≃ γ c 2 Γ 2 ν ext ≃ 5.5×10 20 Hz. This value matches the value of ν c calculated for the photons produced at the distance r 0 + ∆r coll (the uppermost curve) and does not differ much from the value inferred from the average spectrum.
Time averaged spectra and the light curves
In this section we calculate the model of the typical FSRQ during its short term outburst. We take into account all three radiation processes: synchrotron, SSC and ERC. For the set of observables : t f l = 3 days; ν c = 10 MeV; ν BEL = 10 eV; ν syn,max = 10 eV, L γ = 10 48 erg s −1 ; F c /δF s = 10; L BEL = 10 45 erg s −1 ; α γ = 0.95; k = 1; q = 0.5; ψ obs = ψ j = 1/Γ; using our approximate formulas and ignoring redshift terms we obtain the following set of the model input parameters: -r 0 = ∆r coll ≃ 2.05 × 10 17 cm (Eqs. 57, 58, and 59); -Γ = D ≃ 8.9 (Eq. 60); -u BEL (r BEL ) ≃ 7.5 × 10 −3 erg s −1 (Eq. 56); -B ′ (r f ) ≃ 0.55 G (Eqs. 45 and 61); -p = 1.9 (Eq. 51); -γ max ≃ 7.4 × 10 3 (Eq. 54); The spectrum calculated with the above parameters is presented in Figure 4 . We plotted the spectrum averaged over time from t 0 till 4t 0 . On the same figure we show each component separately: synchrotron component, SSC component and ERC component. We also marked the regions from 2keV to 10keV (X-ray region) and from 30MeV to 3GeV (EGRET range). The spectrum slopes in these regions are consistent with observations of blazars. Figure 5 presents light curves calculated for three different energy bands with parameters as in the previous figure. Chosen frequencies 5 × 10 18 Hz, 10 20 Hz, and 10 24 Hz correspond to the regions dominated by SSC process, ERC proces in the slow cooling regime, and ERC process in the fast cooling regime, respectively. One can see, as expected, that the flares produced by electrons in the slow cooling regime decays much slower than those produced by electrons in the fast cooling regime (see ).
Summary
In this article we have presented our numerical code BLAZAR which simulates lighturves and spectra of blazars during flares. We have also show the procedure to calculate initial parameters for the code from various observables. This procedure may be used for analytical approximation of the blazar parameters. We would like to mention that the code was used in our previous works to study general properties of flares, frequency dependent lags, comparison with observations and for unifying MeV-blazars and GeV-blazars (Sikora et al. 2002) .
Our approach is based on the assumption that acceleration of electrons is short compared to the cooling and dynamical time scales. This allows to separate the electron injection function in Eq. (1). If this is not the case this equation must be modified in the way presented by Kirk, Melrose & Priest (1994) (see also Kirk, Rieger & Mastichiadis 1998 for application to blazars). It is worth noting that our numerical scheme can easily be adopted for this new equation.
The effects of the Compton scattering in the KleinNishina regime require some discussion. We don't include the respective correction functions in the formulas for electron cooling (8) and (9) because we think the KleinNishina corrections are not significant in the case of FSRQ. Recently Georganopoulos, Kirk & Mastichiadis (2001) reported that the Klain-Nishina effect become apparent even at energies γΓhν ext /m e c 2 ≃ 0.2 and may significantly influence the blazar spectra in the EGRET band. But this conclusion was based on rather extreme assumptions concerning maximal energy of electrons and frequency of external photons. In our cases the above mentioned ratio hardly reaches 0.4 even for the most energetic electrons. The influence of these electrons, noting that they are above the break in the electron injection function, is negligible. However, the Klein-Nishina effect can hardly be ignored in BL Lac type blazars.
It is worth to mention that very similar processes of electron cooling and radiation production may operate in gamma ray bursts (GRBs). Although the role of synchrotron radiation as the main component of the GRBs spectra was established a long time ago, only recently the more complicated processes, like SSC, were taken into account (see Chaing & Dermer 1999) . Also, only recently Lazzati et al. 2000 pointed out that within the framework of the hypernova model the effects of external radiation field may influence the dynamics and radiation of the GRBs. If it is so, the comptonization of external radiation may also contribute significantly to the overall spectra. Our code without modifications (only by choosing appropriate parameters) may be used to study the GRBs during the burst phase (constant Γ). And only small modifications are required to examine the full dynamics of the GRBs and the afterglows. Such version of the code has already been used to study the effect of lateral expansion of the collimated GRBs on the breaks in their lightcurves (Moderski, Sikora & Bulik 2000) .
Further development will include the comptonization of the radiation coming directly from the disk. Contrary to ERC(IR) and ERC(BEL) this radiation field is highly anisotropic and will require its angle dependence to be taken into account.
